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SUMMARY 
Under the terms of Contract #NAS-9-8090, issued 
by NASA to UNIVIS, INC., OMNITECH DIVISION; design, 
r e sea rch ,  and development t a sks  were  c a r r i e d  out to produce 
P r e s s u r e  Su i t  Spec tac les  of t h ree  types , having var ious  
attenuative and t r ansmiss ive  cha rac t e r i s t i c s  in, the ultra- 
violet, vis ible  and infra-red regions of the spec t rum,  and 
a total of 130 such spec tac les  were  produced in th ree  suc-  
cess ive  phases .  
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INTRODUCTION 
T h e  unusual and demanding conditions, cha rac t e r i s t i c  of the hosti le 
environment encountered in space  r equ i r e s  that spec tac les  worn by as t ronauts  
be of special  construction and design to fulfill needs that are par t icu lar  and 
specific.  
ocular refract ive errors, such  spec tac les  m u s t  a l s o  provide protection against  
solar radiation. Unattenuated solar radiation carries dangerous and damaging 
amounts of ultra-violet and infra-red energy.  Under normal  terrestrial condi- 
tions, much of this  harmful energy is absorbed,  and/or reflected by the atmos- 
In addition to the usual requi rement  of providing cor rec t ion  for 
phere,  and the human eye is adapted to to le ra te  the amount that does  r each  the 
ear th .  In space ,  however, this  radiant  flux is not attenuated by natural  means, 
and the human eye cannot tolerate, without damage, the amount of flux to which 
it can be  subjected.  
Astronauts  mus t  therefore  be provided with protective spec tac les  o r  
goggles which f i r s t  mus t  attenuate visible light, so that the w e a r e r  is not 
blinded by the s h e e r  bril l iance of the visible energy  encountered, and that the 
process  of !!seeing" is c a r r i e d  out  within a tolerable visible light level .  Tn 
addition, provision must  be  made to f i l t e r ,  o r  reflect as much of the damaging, 
invisible ultra-violet and infra-red energy,  as possible to avoid eye damage. 
Mechanically, the spec tac les  should provide the widest  possible field of 
vision, and be capable of positive, p rope r  and comfortable positioning. They 
should be  able  to withstand high gravitational f o r c e s  without dislodging 
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o r  changing position, s ince  they cannot be  reached at all t imes  f o r  adjustment.  
Design should b e  such  to provide maximum comfort  as worn, and to minimize 
p r e s s u r e  points, which can be i r r i ta t ing when worn under  inaccessable  condi- 
t ions f o r  prolonged per iods of time. For obvious r easons ,  materials used in 
spectacle  construction should not support  combustion insofar  as possible,  and 
the s t r u c t u r e  should resist breakage to the g rea t e s t  possible degree .  
Under the terms of Contract NAS-9-8090, UNIVIS, INC., OMNITECW 
DIVISION has  conducted r e s e a r c h  and development w r k ,  having as i t s  objec- 
tive, the development and production of initial quantit ies of spec tac les  meeting 
the requirements  of NASA's EHIBIT DB4, which detai ls  the requi rements  
summar ized  above. 
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PURPOSE AND SCOPE 
I. GENERAL 
Under the terms of this  contract ,  UNIVIS, INC. 0MNITECt-i 
DIVISION has  c a r r i e d  out  design, r e sea rch ,  and development act ivi t ies  
in success ive  s tages ,  to provide p r e s s u r e  s u i t  spec tac les  meeting the 
requirements  outlined in EXHIBIT DB4, and has  produced an  evaluation 
quantity of 130 spec tac les  as required.  
In o r d e r  to provide f o r  the requi rements  of sa id  exhibit, o u r  ob- 
jective has  been: 
1 .  To develop a suitable design f o r  spectacle  configuration. 
2. To fabr ica te  tooling required to produce the components 
f r o m  which spec tac les  of the var ious  types are assembled .  
3. To produce and submit ,  in t h ree  phases ,  th ree  types of 
spec tac les  as required.  
A. SPECTACLE DESIGN AND STRUCTURE 
A spectacle  f r a m e  s t r u c t u r e  was  designed, of suitable geometry  to 
meet  fitting requirements  to the Anthropometric 95 percentile head 
supplied by Wright Field f o r  this  purpose.  An eye s i z e  and shape  
was selected to provide for  maximum field of vision, and the spec- 
tacle design included u s e  of a self-adjusting bridge; metal  t emples  
with slotted spatula  endpieces,  and an  elastic headband s t r a p  f o r  
retension. 
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T h e  spec tac le  "front" i s  fabr icated f r o m  4 /10 12 K a r a t  
gold fi l led metal composition, conforming to requi rements  of 
MIL-G-25948 D and is provided with a means  whereby "Floating" 
s a d d l e  br idges of two sizes can be interchangeably inser ted .  
Saddle br idges are designed to f i t  the nasal  area of the anthro- 
pometr ic  head, and are injection molded f r o m  clear, t ranspar -  
ent  polycarbonate. 
The  f r a m e s  are fitted with plast ic  l enses ,  c a s t  f r o m  
thermosetting CR-39 (allyl digylcol carbonate) res in ,  in c l e a r ,  
10% neutral  tint, and 2% transmit t ing gold-overcoated g reen  tint. 
The  temple assembly  compr i se s  a nickle silver, wide band tem- 
ple, gold plated, having a sldited spatula endpiece laminated to 
the temple end, made f r o m  clear t ransparent  polycarbonate. For 
temples to be  used on spec tac les  having g r e y  tinted l enses ,  o r  gold 
coated bidensity lenses ,  an  ultra-violet and infra-red attenuating 
sideshield is attached to, and made pa r t  of the temple.  T h i s  i s  a 
molded polycarbonate par t ,  contoured to f i t  the eye wi re ,  gold 
coated to exclude s i d e  radiation. An adjustable  elastic band, with 
s l ide ,  is assembled through the two temple s l o t s  to provide positive 
retension to t h e  w e a r e r ' s  head. 
vided with a protective car ry ing  case, designed especial ly  f o r  the 
unit, and fabricated f r o m  high impact  plast ic  sheeting. 
Each complece spec tac le  is pro- 
T h e  spec tac le  a s sembl i e s  are fabricated in th ree  types,  and 
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each type is supplied with a "2arge"and a lfmedium' '  self- adjusting 
bridge. 
Type 1 
Type I 1  
Type 111 
Comprises  a spectacle  assembly  as descr ibed ,  f i t ted 
with clear, CR-39 l enses  having "plano" opt ics .  T h e  
CR-39 l e n s  attenuates ultra-violet radiation, but does  
not attenuate infra-red, o r  visible energy ,  and i t s  
vis ible  t ransmit tance is of the o r d e r  of 90%. T h e  
spe I temple s t ruc tu re  is not provided with s ideshields .  
Compr ises  a spectacle  assembly  fi t ted with g r e y  tint, 
CR-39 l enses ,  having "planofl opt ics  and a visible 
t ransmit tance of 10%. T h i s  provides attenuation in the 
ultra-violet, and in the vis ible  region of the spec t rum,  
but provides little attenuation in the infra-red. 
used with Type I1 s t r u c t u r e  are provided with 2% visi- 
ble transmitt ing gold coated s ideshields  which g ives  
Temples  
protection in ultra-violet, visible and infra-red regions.  
Compr ises  a spectacle  assembly  fi t ted with gold-coated , 
bidensity CR-39 lenses, having l'plano'' opt ics .  
t ransmit tance in the gold-coated area i s  2% and in the 
uncoated area 10%. T h e  gold-coated ' 'upper" l ens  area 
provides attenuation in the ultra-violet, visible and 
Visible 
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infra-red region, while the uncoated "bottom" l ens  
area at tenuates  in the ultra-violet and visible region. 
Temples  are provided with a 2% visually t ransmit t ing 
gold-coated s ideshield,  which provides  attenuation in 
the ultra-violet vis ible ,  and infra-red regions.  
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11. TOOLING 
Develop and fabr ica te  tooling required to produce components 
f r o m  which spec tac les  of the va r ious  types are produced. This com- 
p r i s e s  the following : 
A. Injection Molds 
1 . To produce "largettand t 'mediumtt self-adjusting br idges.  
2. To produce sideshields.  
B. Metal Frame Tooling 
1 .  Bridge Blanking . 
2. Re-inforcing B a r  Shaping. 
3. Eyewire Forming Tools. ' 
4. Eyewire Bending Tools. 
5 .  Endpiece Blanking Tools (upper and lower). 
6.  Soldering F ix tures  - bridge to eyewire .  
7. Soldering F ix ture  - re-inforcing b a r  to eyewire .  
8 .  Soldering F ix ture  - R H & LH endpiece assembly .  
C. Metal Temple  Tooling 
1 .  
2. Hinge Lug Blanking Die .  
Reducing and Swaging Tools . 
1 .  3 .  Soldering F ix ture  - hinge lug to temple.  
4. Cutting Tool, 
D. Temple  Lamination Tooling 
1 .  Compression Mold 
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E. Gold Coating Fixtures 
1. Fixture  f o r  applying gold to sideshield.  
2 .  Fixture. f o r  applying gold to lenses .  
F. Lens Shaping Tools 
G. Case  Tools 
1 .  Vacuum forming tools (top & bottom) 
2. Assembly 8~ dr i l l  jigs. 
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111. PROGRAM PHASING 
In accordance with contract requirements, this work program 
was conducted in three successive phases: 
PHASE #1 
Design and fabrication of 5 each, of Type I ,  Type 11, and Type 111 
spectacles, with subsequent evaluation of units produced by NASA MSC. 
PHASE #2 
Redesign of spectacles to incorporate changes requested by NASA, 
and submission of one "modified" pair of spectacles incorporating requested 
changes; fdlowed, upon approval of this model, by production of 5 each, 
Type #I, Type #I1 and Type #I11 spectacles and cases to the approved 
structure. 
PHASE #3 
Production of 25 each Type #I ,  50 each Type #I I ,  and 25 each 
Type #I11 spectacles with cases. 
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DETAIL 
PHASE #1 
I .  GENERAL 
T h e  detailed interpretation of the bas i c  design as required in 
EXHIBIT DB4, dated 12 December 1967 required that the spectacle  be 
constructed without metal temples .  Reference to the accompanying d r a w  
ing #1 shows the bas i c  design as originally requested.  
gold filled metal f ront ,  to which is assembled  a self-adjusting plast ic  
bridge. 
front,  and a n  adjustable headband is assembled  through s l o t s  in the side- 
shield.  
I t  comprised a 
Instead of temples ,  s ideshields  are attached direct ly  to the metal  
Fastened to top of each  "eye" are metal extensions,  which carry 
a contoured metal  r e t a ine r  to which i s  attached a sweatband. Also,  included 
in the design, is a means f o r  insertion and retension of l enses  without s c r e w s .  
T h i s  is accomplished using a tension spr ing,  which can  b e  extended during 
lens  insertion, and which snaps  back and retains  the l ens .  T h i s  i s  the bas ic  
design s t ruc tu re  and was  utilized to produce the initial PHASE #1 i t ems .  
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1 1 .  COMPONENTS -PHASE #1 OUTPUT 
A. METALFRONT 
In order to provide maximum strength and rigidity fo r  the "front", 
material used was 1 /I 0 12 carat gold fi l led metal over a base of not less 
than 15% nickle silver. 
carat gold plated. This i s  in accordance with 3.2.1 of MIL-G-25948D 
(HGU 4P Sunglass). The gold fi l led eyewire used conformed dimension- 
Pr ior  to assembly, the metal parts were 18 
al ly to requirements outlined in section D-D of Quartermaster, Dwg. 
#8-2-67, dated 13 Feb., 1962, which is  a part of above specification. 
Use of these materials provided a structure which is essentially equiva- 
lent to the mi l i tary HGU 4/P sunglass, which are considerably more r ig id 
than simi lar  commercial gold fi l led frames. 
B. SELF ADJUSTING PLASTIC BRIDGE 
To establish the ultimate configuration for  the self-adjusting 
bridge, models were sculptured f rom acrylic plastic, and dimensioned 
until they were geometrically compatable with the metal frame, and provided 
a proper fit on the nasal section of the anthropometric head. Models were 
made in a ftlargeff size and ffmedium'f size, f o r  21 and 23mm distance 
be tween the lenses, having dimension to provide a 1 3 mill imeter spectacle 
distance as worn. When the model has been completely checked f o r  con- 
formance to exhibit requirements they were used as masters to prepare 
beryll ium copper negative castings, which were subsequently finished to 
become inserts in an injection mold. The injection mold was fitted with 
two such cavities, one medium, and one large. 
The self-adjusting bridge used in a l l  spectacle assemblies were 
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injection molded using "LEXAN' polycarbonate r e s in  (General Electric 
Co. ), type 1 41 -1 12 clear t ransparent .  
Drawings of the Medium and La rge  adjustable br idge are 
enclosed (#2). , 
C. SIDESHIELDS 
In o r d e r  to provide the ul t imate  in optical p roper t ies ,  s ideshields  
were  designed to be of cylindrical configuration. T h i s  allowed for mold 
in se r t s  to be polished by optical finishing techniques, result ing in no 
distortion in the molded pa r t s .  An injection mold was  fabricated to pro- 
duce the s ideshields ,  and p a r t s  w e r e  molded using t ransparent ,  and tinted 
polycarbonate. To provide the p rope r  and matching t ints  for both l e n s e s  
and s ideshields ,  a neutral  g r e y  color was f i r s t  applied to CR-39 l e n s e s  
to attain a visual t ransmit tance of 10%. T h i s  color was then matched as 
closely as possible by General ELectric Co. in Type 141 polycarbonate. 
Color matches were  obtained f o r  both a 10% and a 3% visually transmitt ing 
sideshield to provide f o r  requi rements  of Type I1 and Type 111. spec tac les .  
T h e  following materials were developed for th i s  purpose.  
ME-S 
SIDESHIELD G.E.COLOR VISUAL REQCJ IKEMENTS 
T Y P E  NO. NUMBER TRANSMITTANCE FOR 
I 141-1 12 C1 ear-90% 3.3.4.1 
I1 MVCL-5125 10% at .060 thick 3.3.4.2 
I11 MVCL-5411 3% at .060 thick 3.3.4.3 
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D. LENSES 
Lenses  provided with the PHASE #I units were  made of CK-39 
res in  (allyl diglycol carbonate). T h i s  i s  a clear, t ransparent  thermosetting 
res in  produced by Pittsburg G l a s s  Company. When catalyzed with a per- 
oxide, the res in  Itsets" or c u r e s  to a hard,  infusable s ta te .  Lenses  are 
ftcastff f r o m  this  r e s in  by introducing catalyzed liquid r e s in  between two 
optically ground and polished g l a s s  molds contained as a 7fcellff ,  and poly- 
merized under  heat and in the absence  of oxygen. After  removal f r o m  
the "molds7', clear lenses are edged to p rope r  shape ,  o r  in the case of 
tinted lenses ,  are dyed in an  aqueous dye, to the required t ransmi t tance  
of IO%, then edged and bevelled f o r  inser t ion in the frames. 
T h e  l e n s  blanks used f o r  PHASE #I output were  cas t  as 57mm 
round blanks. T h i s  size jus t  allows a bevelled and edged l ens  to be cu t  
f rom such a blank, with no mater ia l  to s p a r e ,  and ex t r eme  care mus t  be 
taken in edging, in o r d e r  to obtain a full lens .  For subsequent requirements,  
l ens  blanks were produced in 63mm round blank sizes to faci l i ta te  edging 
and bevelling. 
3 ,  
G rey  l enses  were  produced from clear l enses  by dyeing with 
America1 Optical Company M-750-W-True-Tone (Pewter) dye mixture ,  
following the dyeing procedure recommended by the manufacturer .  Im- 
mersion t ime in the dye solution was  controlled to provide a 10% visual 
transmittance,  which was continuously monitored to insure  compliance 
with specification requirements .  
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CR-39 lenses were produced with UV absorber additives, to 
provide fo r  ul tra-violet absorption as requ i red in 3.2.7. 
E. I ASSEMBLY - OUTPUT 
A total of ten (10) pressure suit spectacles, comprising 2/3 of 
the PHASE #1 output, were submitted to NASA on 31 Oct. , 1968. These 
consisted of the following: 
1 .  5 each - Type #I - Spectacle assemblies having clear, trans- 
parent CR-39 lenses, and clear, transparent sideshields. 
2. 5 each - Type I1 - Spectacleassemblies, having 10% neutral grey 
transmitting CR-39 lenses and 10% neutral grey trans- 
mitting sideshields . 
Pr io r  to submission of Phase #1 output, the NASA Technical 
Monitor had requested that Type 111 lenses be of the gold coated, biden- 
sity type. Technology fo r  application and overcoating of gold on CR-39 
had not been evolved by this time, and submis'sion was delayed fo r  this 
reason. Before the gold coating technology could be developed, NASA 
had conducted a physical evaluation of Type I and Type I1  structure, and 
had determined that extensive design changes would be required. We were 
therefore instructed to defer submission of the Type I 1  units, and include 
these in a subsequent submission utilizing the improved design. 
additional 5 units of Type 111 were therefore included as output under Phase 
3, in which the number of Type 111 units were increased f rom 25 to 30. 
The 
PAGE 16 
PHASE #2 
I. MODIFICATIONS REQUESTED BY NASA 
Following an  evaluation of PHASE #1 i t ems  by NASA, we were  
directed by the contracting officer to incorporate  the following changes in 
the PHASE #2 units.  (ref:  letter BG721(8) dated N o v .  26, 1968 f r o m  Con- 
tracting Officer), 
A. EYEWIRE 
Remove beryll ium tension spr ing,  and rep lace  with a convertional 
s c r e w  fastening means f o r  l ens  insertion. 
same as PHASE #1 items. 
Lens size and shape to be the 
B. SIDESHIELD 
T h e  sideshield shal l  be changed such that i t  is attached to a 
heavy gold temple. T h e  temple shal l  be approximately 6 m m  wide, and 
shall  be attached to the eyewire  endpiece using a hinge joint  and sc rew.  
The temple shal l  have a plast ic  paddle end slotted f o r  attachment of head- 
band. Temple  s c r e w  sha l l  be accessable  f r o m  below when spec tac l e s  
are in the as vyorn position. Sideshields  f o r  u se  on Type I 1  and I11 spec- 
tac les  shal l  be  f ibr icated of neutral  density polycarbonate having 10% 
transmittance, and coated with gold to give a final t ransmit tance of one 
to th ree  percent. Sideshields  shal l  be  attached to the  temple by rivet.5, 
with a plate on the  outside.  Sideshields  shal l  not be required in Type I 
spec tac les .  
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C. HEADBAND 
Shal l  be one half inch wide, doubled, with one  polycarbonate 
adjustment s l ide  f a s t e n e r  required in the c e n t e r  back. 
D. SWEATBAND 
Shal l  be removed and replaced with a gold filled stiffening 
b a r  placed between eyewires ,  c e n t e r  to center, at top. 
E. LENSES 
For Type  I11 bidensity spec tac les ,  the l enses  will be  fabricated 
f r o m  10% visually transmitt ing neutral  g rey  ultra-violet absorbing CR-39 
and gold coated to give 2 percent  visual t ransmi t tance  in the upper  o r  
gold coated area. 
F. CASE 
To be fabricated using pewter  g r e y  rrKydex" o r  equivalent with 
dust  proof cover and polyurethane lining. 
G. .S4MPLE 
Prior to fabrication of PHASE #2 i t ems ,  one sample  shall  be  
submitted incorporating design and mechanical changes outlined above. 
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11. EFFECT O F  MODIFICATION ON WORK PLAN 
T h e  foregoing instructions,  as received f r o m  the contracting 
officer,  delineating PHASE #2 output, in effect  required a complete  
redesign of the entire spectacle  s t ruc tu re .  A comparison of Dwg. #I 
i l lustrating PHASE #1 s t ruc tu re  with Dwg . #3 i l lustrating PHASE 2 
requirements ,  will reveal the following : 
A. Spr ing  tension l e n s  mounting device eliminated, and replaced with 
a conventional s c r e w  fastening means  f o r  inser t ion and retension 
of lenses .  
B. Sweatban.d eliminated, and a f r a m e  reinforcing bar inset-ted in its 
place.  
C. Sideshields  eliminated, and replaced with a metal  temple,&tnched 
direct ly  to the metal  f r a m e  using hinge and sc rews ;  sa id  temple 
car ry ing  plastic,  gold coated s ideshields  f o r  Type  11 and Type  I11 
spectacles ,  so contoured to provide maximum s ide  protection. 
Plastic spatula  t ips  are laminated to the metat temple,  and provided 
with a slot f o r  attachment of headband. 
The  only portions of the spectacle  assembly  remaining the same are the: 
A. Self-adjusting p las t ic  br idge.  
B. Eyewire shape and size. 
C. Lenses.  
PAGE 19 
C 
0 
U) 
> 
0 
.+ 
.A 
..-' 
PAGE 20 
From a design and engineering point of view, this  required:  
A. Redesign of the unit, and preparat ion of new drawings f o r  the 
modified assembly .  
B. Obsolescense of metal  working tooling and f ix tu re s  prepared  in 
PHASE #1 , and replacement with new tooling and f ix tures  to 
provide the new design. 
C. Development of a new metal  temple,  and a means  f o r  attachment 
and integration to the new front .  
D. Redesign of sideshield,  and fabrication of a n e w  mold to produce 
the s ideshields .  
Development of a technique f o r  imbedment lamination of polycar- 
bonate spatula  t ips ,  and fabrication of a compress ion  mold to 
E. 
perform this .  
I=. Development of techniques and tooling f o r  application of gold; 
formulation of a protective overcoating, and technique f o r  applying 
protective overcoating to the gold su r face  of the s ideshields .  
G.  Development of technique, and tooling f o r  application of gold and 
fabricating the bidensity gold lenses;  as well as formulation of a 
protective overcoat ing and method of application to the gold su r face  
without a l ter ing optical cha rac t e r i s t i c s  of the lenses .  
H. Development of techniques f o r  su r face  finishing the polycarbonate 
spatula  t ips  laminated to the metal  temple core. 
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I. To assure that the new structure would meet NASA requirements, an 
advance model, illustrating structure alone was fabricated and sub- 
mitted pr io r  to total committment fo r  Phase 2 output. 
The foregoing represents engineering and expense effort consid- 
erably beyond the scope and extent outlined in the original contract, in 
addition, much of this effort represented work on OMNITECH's part to 
include new requirements fo r  transmittance characteristics subsequently 
determined by NASA to be reeded and to be included in the optical re- 
quirements for  the spectacle. 
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111. PRELIMINARY SAMPLE SUBMISSION - PHASE 2 
In compliance with the requirements of paragraph (H) in 
letter f rom contracting officer dated Nov. 26, 1968, a hand made 
model, il lustrating PHASE #2 structure, and incorporating changes 
requested was fabricated and submitted to NASA on Jan. 10, 1969. 
Purpose of this submission was to evaluate the mechanical and ge- 
ometrical configuration only. Although the metal components were 
made using required 1/10 12 carat gold f i l led material to MIL-G- 
25948 D, tooling was not available such that proper tempering and 
hardening of the structure could be accomplished, and the sample sub- 
mitted was "soft". (This was corrected in subsequent PHASE 2 items 
upon completion of required tooling). 
temples were cellulose acetate, since procedures and methods were 
not then available fo r  fabrication f rom polycarbonate. 
were vacuum formed to required dimension and size from cellulose 
acetate sheeting, and met no optical, o r  transmittance requirements. 
The sample was evaluated fo r  structure and fit only by the Technical 
Monitor, and within a week, we were authorized to proceed with the 
fabrication of the remaining 15 PHASE 2 items, with instructions to 
increase the "set back" angle by 8-1 0 degrees. 
Plastic paddles attached to the 
Sideshields 
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IV. COMPONENTS - PHASE #2 OUTPUT 
A. METAL FRONTS 
Design of the  modified metal  f ron t  w a s  in accordance with 
instruction received f r o m  the contracting off icer ,  Mater ia l s  used 
were essent ia l ly  the same as f o r  PHASE 1 ,  and employed 1/10 12 
carat gold filled material, conforming in all r e spec t s  to require- 
ments  outlined in 3.2.1 of MIL-G-25948 D. with an eyewire  being 
dimensionally to Q u a r t e r m a s t e r  Dwg . #8-2-67 , Sect ion D-D, dated 
1 3  Feb, 1969. Design of the eyewire  includes a conventional s c r e w  
fastening means  f o r  inser t ion of retension of l enses ,  and includes 
the slotted female  temple hinge element ,  as well as a strengthening 
and reinforcing gold filled metal  b a r  across the top of the eye wires .  
Provision for insertion, and retension of the self-adjusting saddle  
bridge remain identical to the PHASE 1 units.  
9. T E M P L E S  
1 .  DESIGN 
The  metal  temple used is of special  design, and compr i se s  
a band 3/16 in.wide to which i s  attached a 0.055 d iame te r  core wire .  
The  front  end of the temple carries the ma le  hinge element ,  and i t s  
overall length, including core wire  is 5 3/4". T h e  m a l e  hinge 
element ,  isintegrated with the slotted f ema le  receptor  in the eye- 
wire ,  and hinge attachment i s  made using a sc rew,  inser ted from 
underneath. Because of the s t ruc tu re  and geometry  of this  temple,  
PAGE 2 4  
not possible to fabricate  the unit f r o m  "gold-filled" mater ia l ,  
and i t  is therefore  made f rom a nickle silver composition, and 
provided with a heavy gold plate. 
Reference to dwg. #543001 i l lus t ra tes  the design and 
s t ruc tu re  of the f ront  and temple a s sembl i e s ,  and detai ls  the 
mechanics f o r  integration and at tachment  of the temple to the 
front.  
2. PLASTIC SPATULA TIP ON T E M P L E  
T h e  0.055 diameter  w i re  core sect ion of the temple i s  
imbedded within a plast ic  spatula-like tip, car ry ing  a slot f o r  
attachment of headband. Although the requi rements  call f o r  
"plastic:' which could be a variety of subs tances ,  the specif ic  
plast ic  requested by the technical monitor is polycarbonate. 
Techniques f o r  core imbedment using conventional p las t ics  are 
well established and compr i se  "driving" methods,  solvent lami- 
nation, etc. however; imbedment of cores in polycarbonate can- 
not be  accomplished by any technology, o r  procedures  commer-  
cially used, and a new method had to be developed to accomplish 
this.  In o u r  a t tempts  to produce imbedded spatula  t ips,  the 
following techniques were  evaluated. 
a) SOLVENT LAMINATION 
Two rectangular  pieces of polycarbonate sheeting, .060 
thick, are ground with a half round slot, ,030 inch in 
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diameter  to receive the core. Various solvents ,  solvent 
combination and techniques were  attempted to cement  
t tLaminate ' t  the core within sandwiched plast ic  e lements;  
however, r e su l t s  were  completely unsatisfactory.  Internal 
bubbles, and inability of the core to be  properly imbedded 
and secu red  resul ted f r o m  these  at tempts .  
b) CORE DRIVING 
In this  application, a rectangular  piece of plast ic  
is heated, and the heated core w i r e  sect ion of the temple 
mechanically driven into the plastic.  Because of the high 
softening tempera ture  of polycarbonate , and its retension 
of "toughness" at high tempera tures ,  i t  was impossible to 
f fdr ive" a core into the material. 
c) INJECTION MOLDING 
We evaluated the possibility of injection molding 
polycarbonate around the wi re  core. Because of the expense 
required to develop the process ,  and fabr ica te  a mold to 
per form this  function, this method was  not considered feasable .  
We feel  that  this  method does  provide the ult imate answer ,  
however; it can only be attahed at a cost in e x c e s s  of $6,000 
f o r  which no funds were  available. 
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T h i s  method was  evaluated, and compr ised  dril l ing 
a 3 inch long hole, 0.055" d iame te r  into a rectangular  piece 
of polycarbonate ,120'' thick, followed by inser t ing the core 
wire ,  and retaining through use  of a solvent  cement.  Again, 
this  proved to be  unsatisfactory s ince  i t  w a s  impossible to 
obtain a well adhered, bubble f r e e  retension of the wi re  core. 
e) COMPRESSION LAMINATION 
T h i s  method was developed, and finally used to pro- 
duce the laminated core assembl ies .  To accomplish this,  it 
was  necessa ry  to fabr ica te  a compression mold, contoured 
to the final spatula  shape, in which pre-blanked spatula  com- 
ponents were  inserted.  T h e  mold provides  a means  for  posi- 
tioning and retaining the core wi re  between two .060 thick 
polycarbonate blanks. H e a t  is applied to the mold until the  
polycarbonate sof tens  , whereupon the mold i s  closed under  
p r e s s u r e  to imbed the core, and fuse  the plast ic  sec t ions  
together. Because of the na ture  of polycarbonate, the blanked 
components were  heated for 24 hours  in a n  oven to expel mo i s tu re  
p r i o r  to laminating which otherwise resul ted in bubbles through- 
out  the material, and also in undesirable su r face  imperfections.  
T h i s  procedure,  although slow, and tedious, provided 
acceptable core imbedment in polycarbonate. 
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3. FINISHING O F  SPATULA ENDPIECES 
Again, it was necessary to r e so r t to  new methods to 
develop a n  acceptable su r face  finish on the polycarbonate spatula  
t ips  produced in 2. (e). Temples  were  processed  by usual 
tumble-grind and polishing techniques. T h i s  i s  necessa ry  to 
"round" and smooth the plastic,  and to provide a high g loss .  
T h i s  method involves placing temples  success ive ly  in  "grind- 
tumble", and "wax finish tumble" b a r r e l s .  Basically,  t hese  
are octagonal wooden b a r r e l s  of heavy construction, containing 
var ious  mixtures  of abras ive  (for grind) media ,  and polish ( for  
shine) media.  T h e  b a r r e l s  are rotated to provide mechanical 
grinding, o r  polishing effect  on the pa r t  being processed .  The  
operation is sequential ,  the p a r t s  f i r s t  being rounded and ground 
with abras ive ,  then polished in a different b a r r e l .  
After  one week in the tumble "grind" operation, which 
suff ices  to  gr ind conventional plast ics ,  t he  polycarbonate spatula  
t ips  were  not touched o r  affected by the ab ras ive  - apparently,  
the inherent toughness and resi l iency of the polycjlrbonate prevents  
its being finished by th i s  method. Alternate  grinding methods in 
which the meta l  temple portion was masked in a rubbe r  tubing, 
and tumbling c a r r i e d  out in a c o a r s e  wet abras ive  mixture  were  
a l s o  ineffective. 
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I t  was  finally necessa ry  to "mud grind" the polycarbonate. 
By this  method, a thick s l u r r y  of fine ab ras ive  and pumice i s  
impregnated in a 1 112 foot d i ame te r  rag wheel, and the p a r t  i s  
mechanically "buffed". Th i s  "cuttf  the su r face ,  and allowed f o r  
reduction to a suitable ground finish,  which was  subsequently 
polished using a rag  wheel impregnated with a fine abrasive-  
wax compound. 
U s e  of the above method leaves considerable  to be des i r ed  
in the way of a sur face  finish.  
temple,  finished by e i the r  tumbling, o r  hand finishing techniques, 
however, it was the only method which could be used to finish 
I t  does  not compare  with an  ace ta te  
polycarbonate, and i s  very costly. 
All temples ,  used f o r  Type I ,  11, and 111 s p e c t a c l e f r a m e s  
produced in PHASE 2 were  prepared  by the foregoing method. 
C. SIDESHIELDS 
A s  previously mentioned, the s idesh ie lds  as used, and 
molded f o r  PHASE 1 output were  inadequate f o r  the requi rements  of 
PHASE 2. Reference to Dwgs. #I and #3 will reveal the difference 
in s t ruc tu re  required in the two uni ts  and i l l u s t r a t e s  the means  by 
which they are attached to and become a pa r t  of the spectacle  assembly .  
Reveiw of the PHASE 1 output by the Technical Monitor 
indicated that s ideshields  are not required to have f lawless ,  o r  "plano" 
optics.  As long as the w e a r e r  can see through the sideshietd,  o r  be 
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aware  of motion, o r  l ights,  this  suff ices  f o r  visual needs.  S ince  
the sideshield s t r u c t u r e  required in PHASE 2 is much more complex 
it could not be  made  to provide f lawless  optics,  and s ince  we had 
a l ready  expended funds for a mold which i s  no longer  useful, the de- 
cision was  made  to produce the sideshield by vacuum forming proce- 
dures ,  and in implementation of this,  a master shield was  sculptured 
which s e r v e d  to establ ish the dimension and contour of the vacuum 
forming mold, which was  subsequently fabr icated f rom aluminum 
and highly polished. 
In PHASE 2 output, no s ideshields  are to be supplied with 
Type I spectacles ,  and gold coated polycarbonate s ideshields  are 
supplied f o r  Types  I1 and 111. S ince  vacuum forming procedures  are 
used, the polycarbonate sheeting p r i o r  to forming must  be  .070 thick, 
and have a visual t ransmit tance of 10% when s t re tched  to .060 inch 
thick; and must  also be  neutral  in color. 
very difficult and involved. We w e r e  ab le  to locate a source  (Scranton 
T h i s  requirement  became 
Laminators,  in Scranton,  Pa.), who produces a polycarbonate sheeting 
in optical g r a d e s  f o r  Boeing, which meets o u r  requi rements ,  however,  
we were  informed that  1 shee t ,  21 x 50 inches costs $400, and that 
we must  procure  th i s  in minimum quantit ies of 1000 lbs .  Cos t s  on 
this bas i s  would have been completely unwarranted. W i l e  we were  in 
p rocess  of resolving this,  and trying to procure  at least one shee t  from 
which to fabr ica te  the 10 units required,  we w e r e  informed by the Technical 
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Monitor that  polycarbonate cur ren t ly  used, does  not provide U V  
attenuation sui table  f o r  NASA requirements ,  and he requested that 
the s ideshields  be  fabricated using Acryl ic  sheeting, as supplied by 
Rohm & H a a s  (WF4 UV absorbing) which would provide f o r  an op- 
tical density 5 o r  g r e a t e r  in the 210-320 mil l imicron range, 
T h i s  resulted in additional problems.  Delivery f r o m  
Rohm & H a a s  f o r  such  material was 6 weeks, and it is produced only 
in clear t ransparent  colors (no tints). This ,  coupled with the fac t  
that  acrylic shee t  cannot be vacuum formed sharp ly  to precise 
dimensions compounded o u r  difficulties. In addition, protective 
coatings used over gold, and a l ready  developed f o r  u s e  with polycar- 
bonate were  inadequate f o r  the U V  acrylic sheeting. 
We had available f r o m  American Cyanamidcompany, a 
l imited amount of acrylic sheeting equivalent in UV absorpt ive charac-  
teristics, to the Rohm & H a a s  UF4 material, having the p rope r  thick- 
ness .  A sample  of this  was checked spectrophotometrically f o r  t rans-  
mittance and was  found to have attenuating cha rac t e r i s t i c s  in the ultra- 
violet region, in excess of optical density 5. T h i s  sheeting was  clear, 
t ransparent ,  and we were  able  to dye it a neutral  color, using the Du 
Pont Merpentene dyeing system, to a visual t ransmit tance of 10% 
We subsequently used this  s h e e t b  produce, by vacuum 
forming methods, a sufficient number  of s idesh ie lds  f o r  PHASE 2 
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output and coat these with gold to a final t ransmit tance of 2%. We 
were  also able  to compound a protecting overcoat f o r  the gold su r face  
to provide mar  protection. O u r  PHASE 2 Type  I1 and I11 i t e m s  as 
submitted,  were provided with s ideshields  as descr ibed.  
T h e  s ideshields  so produced met optical  density requi rements  
completely. S ince  we s t a r t ed  with a clear t r anspa ren t  mater ia l  having 
optical density of 5t, application of dye, followed by deposition of gold 
to a final vis ible  t ransmit tance of 2% improved this  to a minimum of 
6.5, well in  excess of NASA requirements;  however,  the s idesh ie lds  
were  not sa t i s fac tory  f o r  appearance,  and were  very difficult to produce. 
T h e  acrylic sheeting does not vacuum f o r m  well, and the p a r t s  w e r e  
difficult to produce to dimension. They were  covered with numerous 
pit imperfections and sc ra t ches ,  which a f t e r  application of gold resul ted 
in a very poor and unacceptable appearance.  Because of a high concen- 
tration of oily UV abso rbe r ,  numerous internal  bubbles resul ted when 
the shee t  was  formed,  and adhesion of gold was  poor.  
that the quality and appearance of the sideshield be  improved in the PHASE 
3 items. 
It was  impera t ive  
To provide f o r  UV attenuation, IR attenuation, and an acceptable  
su r face  finish, and also to fabr ica te  the p a r t  f r o m  polycarbonate, which 
is des i r ed  as the s t ruc tura l  material, u s e  of a green  polycarbonate base ,  
instead of a neutral  base  was  suggested.  I t  makes  no difference,  if a 
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green  base  is used, s ince  a gold f i lm  t r ansmi t s  in the g reen ,  and the 
sideshield after being coated with gold, will b e  g r e e n  in color, whether  
a neutral  grey,  o r  g reen  base  is used,  
In addition, a g reen  b a s e  having t ransmit tance cha rac t e r i s t i c s  
very similar to the photopic eye sensit ivity cu rve  will mean  that to 
attain a given visual t ransmit tance,  more attenuating dyes are required.  
In addition, the application of gold over a g reen  base  to a final des i r ed  
visble t ransmit tance allows f o r  the deposit  of more gold than if the 
base  were  neutral .  T h e  combination of additional green  dye, and gold, 
although givbg the s a m e  visual t ransmit tance , will provide significant 
additional protection in both the ultra-violet and infra-red regions.  
To prove this,  a .060 thick plate of polycarbonate, molded f r o m  
LEXAN 141-31 1 3  green,  and having a vis ible  t ransmi t tance  of 15% 
was overcoated with gold to a final visual t ransmit tance of 1 .5%. Upon 
being checked in a spectrophotometer ,  this  combination revealed a n  
optical density in excess of 5 in the 220-320 mil l imicron region - 
which meets the requirements  called f o r  by the Technical Monitor. 
Fur thermore ,  such a composition al lows u s  to produce the p a r t  
f r o m  injection molded polycarbonate. 
funds to fabr ica te  a sideshield mold we could not use ,  o u r  problem was  
to fabr ica te  a mold, quickly, and at minimum cost. This was  accom- 
plished inexpensively, o r  relatively so, by a unique method, not hereto- 
f o r e  attempted, and descr ibed as follows: 
S ince  we had a l ready  expended 
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Two sideshield masters, one each  RH and LH were  fo rmed  
f r o m  .060 inch thick b r a s s .  T h e s e  were  fabricated to p rec i se ,  and 
exact dimensions,  checked f o r  f r a m e  f i t ,  and were  optically polished 
insofar  as possible considering the combination of compound cu rva tu res  
called f o r  in the design. T h e s e  highly polished masters were  then 
coated with a thin layer of s i l ve r ,  whereupon nickle was  applied by 
electroforming methods until it had built up to a thickness  of 3/16 inch. 
Upon separat ion,  and removal of the b r a s s  master, a highly polished 
metal cavity resul ted,  which was subsequently encased in an  epoxy 
car ry ing  ring, and machined to f i t  a mold cavity. T h e  mold was in 
operation 3 weeks a f t e r  submission of m a s t e r  p a r t s  f o r  e lectroforming , 
at a cost 1/3 of the usual cost f o r  fabricating such a mold. 
We were  authorized by the Technical Monitor to u s e  the g reen  
polycarbonate gold coated, in l ieu of the acrylic, and the p a r t s  produced 
f o r  PHASE 3 output are much improved f r o m  a quality standpoint, 
than the acrylic sh ie lds  provided in PHASE #2. O u r  p re fe r r ed ,  and 
recommended procedure to produce s ideshields  is now as follows: 
1 .  Injection mold g reen  s ideshields ,  in RH and LH configuration, f r o m  
"LEXAN" polycarbonate 141-31 13, in a thickness  of .060 inch to a 
visual t ransmit tance of 15%. 
2. Without removing the s ideshields  f r o m  the sp rue ,  c lean with 
alcohol, dry thoroughly, and apply gold coating by vacuum 
metallizing procedures  to a final visual t ransmit tance of 1-2%. 
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3. Without touching, o r  removing s ideshields  f r o m  the sp rue ,  d ip  
f i r s t  the RH, then the LH shield configuration in a compounded 
polyurethane coating solution, diluted with butyl alcohol. 
4. Allow to air d r y  overnight, then bake f o r  2 hour s  in an  air cir- 
culating oven at 23OoF.  
5 .  Remove shields;  d r i l l  and at tach to temples ,  using the o u t e r  
gold coated b a r  as a retainer, and rivets or  s c r e w s  f o r  re- 
tension. 
D. CASES 
Until approval was received, and authorization given to uti l ize 
the modified PHASE 2 s t ruc tu re ,  no work was  c a r r i e d  out on the devel- 
opment and fabrication of a carrying case f o r  the spec tac les .  T h e  
reason f o r  this  is that changes requested can ( and did) a l t e r  the physical 
dimension of the spectacles ,  so that a case designed and made f o r  
PHASE 1 s t ruc tu re  would have been inadequate f o r  the modified, o r  
PHASE 2 s t ruc tu re  and any work done on the case p r i o r  to final configur- 
ation would have been repeated at unnecessary expense and effort .  
In considering the case design, i t  mus t  be  so constructed to 
effectively contain the folded spectacle  , with a minimum amount of free 
&ace. I t  should be  as flame-proof as possible,  and should retain the 
spec tac les  in a f i r m  manner  without movement within the case. T h e  
specification required that the case be lined with polyurethane foam, 
(paragraph "g" of N o v .  26 le t ter) ,  to prevent mar r ing  of the l enses ,  and 
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o u r  s e a r c h  f o r  such a mater ia l  having flame-proof, o r  flame-retarding 
charac te r i s t ics  was  f ru i t less .  
tion of having to u s e  a l i n e r  which i s  not flame-proof, a design was  
In o r d e r  to overcome the obvious objec- 
proposed, and accepted by the Technical Monitor, wherein the case body 
i s  not lined, and in which the case top c a r r i e s  a tension spr ing .  
the folded spec tac les  are placed in  the case; l enses  up, and the case top 
When 
closed, the tension spr ing engages aga ins t  the metal  bridge,  and forces 
the metal  spectacle  e lements  f i rmly  against  the case bottom, effectively 
holding and preventing movement. T h e  case top does  not touch the lenses ,  
o r  sideshields ,  so that the lenses  o r  sh ie lds  cannot be abused o r  damaged. 
The only portion of the spectacle  touched by the restraining spr ing is the 
metal f ront .  
Using the approved hand made  model as a quide, a ca r ry ing  case 
was designed, and vacuum forming tools made to produce the case top 
and bottom. Tr imming and dril l ing tools were  also made to finish the 
vacuum formed p a r t s  into top and bottom case components. A conventional 
spring activated hinge c losure ,  which a l so  incorpora tes  the spectacle  re- 
taining tension spr ing is assembled to the case top and bottom to complete  
the assembly  
A total of 14 such cases were  produced and supplied with the PHASE 
#2 output, fabr icated f r o m  .090 thick ''Kydex" PVC-acrylic alloy sheeting 
supplied by Rohm and H a a s  Company. 
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E. ELASTIC HEADBAND 
In o r d e r  to provide f o r  headband requi rements  calling f o r  a 
flame-proof elastic band which does  not contain rubber ,  we contacted 
many manufactures of t h i s  type of product, but have not: yet located a 
source  which can supply the i tem precicely as needed. 
people as Flightex Fabr i c s ,  and United Elastic, we obtained flame-proof 
e las t ic  s t r a p s ,  all of which contained rubber ,  o r  neoprene synthetic 
rubber .  From Moore Fabr i c s ,  Pawtucket, Rhode Island, we procured  
a headband mater ia l  with no rubber ,  and attempted to have this  flame- 
proofed by Prestex, Inc. who are spec ia l i s t s  in government  specifica- 
tion fabr ics .  Samples  of the Moore f ab r i c s  were  submitted to Prestex 
f o r  flame-proofing, with the resul t  that e las t ic i ty  was  lo s t  in t reatment ,  
F r o m  such 
and the headband expanded 25% a f t e r  t reatment .  
As of this  moment,  we are supplying the headband in the Moore 
mater ia l .  
as "Spandex", Quality #4270-L, in 1/2 inch width, having an  elongation 
of 135-145. I t s  color is white. 
I t  i s  not flame-proof, o r  f lame-retardent ,  and i s  identified 
Should a suitable headband material be located and procured at 
a future  da te  , headbands now on the spec tac les  can  be eas i ly  replaced. 
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V. ASSEMBLY - OUTPUT- PHASE #2 
A. A total of 15 each, P r e s s u r e  Su i t  Spec tac les ,  were  produced 
and submitted to NASA on 14 March, 1969, in accordance with contract  
requirements ,  which included modification requested by contracting 
off icer  (letter 1 1 /26/68). 
1. 
2 .  
3. 
5 each  - Type #I Spectacle  assembl ies ,  having clear C;R-39 
l enses ,  metal temples  with no s ideshields ,  having slotted poly- 
carbonate spatula  t ips  with headband. 
5 each - Type #I1 Spectac les ,  having 10% neutral  g rey  t rans-  
mitting CR-39 l enses ,  metal temples  having s idesh ie lds  made  
from UV attenuating ac ry l i c  mater ia l  gold coated to 1 .5% (JT. and 
slotted polycarbonate spatula t ips  with headband. 
5 each  - Type I11 Spectac les ,  having bidensity gold coated l enses ,  
made by depositing gold over a 10% neutral  g r e y  l ens  to a final 
visual t ransmit tance of 2%; with metal  temples ,  car ry ing  side- 
shields  made f r o m  UV attenuating acrylic mater ia l ,  gold coated 
to 1.5% UT, and having slotted polycarbonate spatula  t ips  with 
headband. 
B. A total of 14 each,  carrying cases f o r  P r e s s u r e  Su i t  Spec tac les  w e r e  
produced, and submitted to NASA on 9 , April  , 1969. 
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PHASE #3 
I. GENERAL 
Upon submission of PHASE #2 samples ,  we were  authorized 
immediately by the Technical Monitor to proceed with the manufacture,  
and produce the PHASE 3 output of 100 units to design and s t r u c t u r e  
identical to that of PHASE #2. 
For PHASE #3, an  improved sideshield was  made  p a r t  of the 
i t ems  produced. As detailed previously,  the improved sideshield was  
made by injection molding the plast ic  pa r t  f r o m  g reen  polycarbonate 
having 15% visual t ransmit tance,  and overcoating with gold to a final 
of 1.5%. T h i s  shield met and exceeded NASA's requi rements  f o r  
UV transmittance,  and was used on all Type I1 and Type 111 units  pro- 
duced in PHASE #3. 
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11. SPECTROPHOTOMETRIC EVALUATION-PHASE #3 ITEMS 
T h e  p r e s s u r e  su i t  spec tac les  are required f o r  two reasons ,  f i r s t  
to serve as a means  f o r  providing occu la r  correct ion,  and secondly to 
provide protection against  harmful solar radiation. 
S ince  solar radiation outside the  a tmosphere  is not attenuated, 
the protective l ens  must  be capable of absorbing, and/or reflecting harm- 
ful ultra-violet and infra-red energy to such a degree  that the amount which 
reaches  the eye is  not harmful.  
such a degree  that the w e a r e r  receives a proper  amount of l ight for seeing,  
and is not blinded by the s h e e r  bril l iance and magnitude of the vis ible  energy  
encountered. 
It mus t  also attenuate visable light to 
Although not delineated in the contract ,  NASA's guidelines for  
ultra-violet attenuation are that the l enses  and sh ie lds  should be opaque 
to a n  optical density of at least 5 in the range between 210 and 310 milli- 
microns,  and o u r  objectives have been to meet, o r  be t t e r  th i s  requirement .  
No specification requirements  have been made for infra-red attenuation, 
and o u r  objective has  been to reduce IR t ransmiss ion  by u s e  of specular ly  
reflective gold coatings to a n  absolute minimum, meanwhile providing a 
visible t ransmit tance of 1-3%. 
T h e  var ious  types of l enses  and s ideshields  produced f o r  final 
delivery under the t e r m s  of this contract were  subjected to detailed 
spectrophotometric ana lys i s  to determine the effectiveness of the visual 
components for providing the protection required.  
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A. LENSES 
T h e  contract r equ i r e s  that l enses  be of t h r e e  types, each  to 
provide specif ic  charac te r i s t ics .  
Type #I - Clear, t ransparent ,  with attenuative cha rac t e r i s t i c s  in 
the ul tra-violet region only. 
Type #II-Neutral g rey ,  with attenuative cha rac t e r i s t i c s  in the 
ultra-violet region, and in the vis ible  region of the 
spec t rum.  
Type#III -Neutral g r e y  base,  bidensity gold sur faced  on 'lUpper'' 
portion, such upper  portion attenuating in the ultra- 
violet, vis ible  and infra-red region. 
Spectrophotometr ic  readouts on the three  types of l enses  
were  obtained i-~ the ultra-violet range between 200 and 340 milli- 
microns ,  and in the infra-red region between 700 and 2000 milli- 
microns  . 
In the ultra-violet region, the CARY Spectrophotometer  
was scaled,  and provided with neutral  attenuating f i l t e r s  such  that 
recording and readouts of significance were  obtained in the range 
between optical density 4 to 7. Data was  obtained f r o m  each  of the 
clear, g r e y  tint, and gold coated lenses ,  and the readout calculated 
and plotted in t e r m s  of optical density. Cha r t  #1 plots the t rans-  
mission cha rac t e r i s t i c s  of each l ens  over the ultra-violet range. 
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From this  char t ,  it is apparent  that  clear, transparent,CR-39 lens ,  
with ultra-violet a b s o r b e r s  added at tenuates  essent ia l ly  as des i r ed  
and expected, at an  average  of optical density 5. T h e  g r e y  t rans-  
parent  lenses ,  made  f r o m  the clear t ransparent  l enses  by dyeing 
to a visual t ransmit tance of IO%,  a t tenuates  near ly  one o r d e r  of mag- 
nitude g r e a t e r ,  averaging close to 5.8. Application of gold to the 
Type 2 l enses  f u r t h e r  a t tenuates  to an  average  optical density of 
6.4. 
In view of NASA's requi rements  f o r  at least an  optical den- 
sity 5, it is apparent  that  in the ultra-violet range, all l e n s e s  meet, 
o r  s u r p a s s  these requi rements  by a substantial  and significant amount. 
Type I1 and I11 lenses  (grey and gold coated) were  measu red  
in the Gary Spectrophotometer  in the infra-red region between 700 
and 2000 mil l imicrons.  Resul ts  are plotted on Char t  #2, and reveal 
the very effective attenuation in infra-red by application of gold. T h i s  
r e su l t s  f r o m  the selective specu la r  reflection of the gold coating, 
which is part icular ly  effective in the infra-red region. 
A s  expected, the 10% visually t ransmit t ing g r e y  l ens  i s  essen-  
tially t ransparent  in the infra-red region (Curve #1 Char t  #2) s ince  
the dyes  used are eective in the visual region only. Application of 
gold to the ou te r  su r f ace  of this  g r e y  l ens  sufficient to reduce the 
visual t ransmit tance to 1 .5% r e su l t s  in a lmost  complete attenuation 
of IR, as shown on curve  (2). 
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A study of this  da t a  indicates that  additional significant 
improvement  in IR attenuation can be  accomplished if des i r ed ,  and 
as follows: 
1 .  By using a g r e y  l e n s  visually t ransmit t ing at 15% and depositing 
gold to 0.9% to 1 .O%, the IR t ransmit tance would be reduced 
s t i l l  f u r t h e r  to approximately half of that  indicated on (2). 
2. If the u s e  of a g reen  base  is permitted,  a g reen  lens ,  having 
a visual t ransmit tance of I S % ,  with gold applied to 0.9% to 
1 .O% final t ransmit tance should reduce IR t ransmit tance to 
approximately 1 /8 of that obtained in (2). 
I t  is o u r  recommendation that the foregoing information and 
data  be considered by NASA, and that if additional protection in the 
IR region is des i r ed ,  the approaches outlined in ( 1  .) and (2.) above 
be evaluated. 
S ince  the "gold" l ens  i s  of the bidensity type, we wish to 
point out  that  the one inherent weakness in this  s t r u c t u r e  i s  in the 
"lower" section, which is not gold coated. T h i s  t r ansmi t s  essen-  
tially as shown in cu rve  #1.  
tion of the l ens  which is coated with gold. 
Curve #2 appl ies  only to "upper" por- 
B. S I D E S H I E L D S  
S ince  par t icu lar  significance and importance was  attached to 
the requirement  f o r  developing a sideshield which i s  highly attenuative 
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in the ultra-violet region and s ince  previous da ta  supplied by NASA 
had indicated that "LEXAN" seems to be  inadequate f o r  t h i s  purpose,  
considerable work was  c a r r i e d  out to develop an  acceptable polycar- 
bonate s t ruc tu re .  Previous experience in th i s  area had indicated 
that if we start with a green  instead of neutral  polycarbonate, and 
super impose  gold over such  a material, UV requi rements  can  be  met .  
T h i s  was  thoroughly evaluated, and the s idesh ie lds  used f o r  P H A S E  
I11 were  produced f r o m  such a s t ruc tu re .  
t ransmiss ive  cha rac t e r i s t i c s  in ultra-violet, v is ible  and IF-? regions 
of the spec t rum f o r  the molded components, and finished s ideshields .  
1 .  Char t  #3 presen t s  the t ransmiss ion  cu rve  f o r  "LEXAN" polycarb 
bonate, Type  141 ,-3113, g reen  color, in a thickness of .060 
between 280 and 790 mil l imicrons.  T h i s  b a s e  mater ia l  shows 
significant attenuation in the ul tra-violet region. 
Data presented shows 
2. Char t  #4 plots wave length against  optical density in the ultra- 
violet range between 200 to 340 mil l imicrons,  f o r  the finished 
sideshield,  as used in PHASE I11 output. I t s  construction i s  a 
.060 thick molded shield,  using "LEXAN" 141-31 13, to which 
gold is applied to at ta in  a final visual t ransmit tance of 1 .5%. 
T h i s  reveals very sat isfactory attenuatiors to an optical density 
g r e a t e r  than 6. 
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3 .  Chart  #5 presen t s  infra-red da ta  f o r  the "as molded" sideshield 
( l ) ,  and f o r  the s ideshield with gold applied (2). 
Curve #1 , f o r  the bas i c  g reen  material does  reveal a signifi- 
cant  IR attenuation, not really typical of such  materials (we would 
expect considerably more IR transmittance),  however, when gold 
is applied to reduce this  to 1 .3/wisual, the amount of attenuation 
i s  very significant. Although this  has  been plotted on a 100% scale, 
to show a d i r ec t  comparison,  our actual data  was  taken with the 
spectrophotometer  set with full scale reading 10%. 
between 900 and 1200 mil l imicrons,  the t ransmit tance was not over 
0.2% at any one point. 
indicated n e a r  zero readings,  within the "noise level",  o r  error 
l imi t  of the spectrophotometer  i tself .  
A s  a re su l t  of this  analysis ,  i t  is o u r  conclusion that the side- 
In the region 
In al l  o t h e r  areas, the spectrophotometer  
shields ,  as developed and used f o r  the Type #2 and Type #3 s p e c t a c l a  
submitted under  PHASE I11 mee t  the UV and IR NASA requirements .  
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111. ASSEMBLY - OUPTUT - PHASE #3 
A. A total of 105 Pressure Suit Spectacles with carrying cases 
were produced and submitted to NASA on May 29, 1969 to approved 
PHASE 2 configuration, and incorporating the improved sideshield 
fo r  Type I1 and Type I11 spectacles. Items delivered were as follows: 
1 . 13 each - Pressure Suit Spectacles, Type I ,  with large bridge. 
2. 12 each - Pressure Suit Spectacles, Type I ,  with medium bridge. 
3. 25 each - Pressure Suit Spectacles, Type 11, with large bridge. 
4. 25 each - Pressure Suit Spectacles, Type 11,  with medium bridge. 
5. 15 each - Pressure Suit Spectacles, Type 111, with large bridge. 
6. 15 each - Pressure Suit Spectacles, Type 111, with medium bridge. 
Items #5 and 6 include 5 extra units not called fo r  in PHASE 3 
which are provided to complete the requirements for  PHASE #1 - Type 
I11 units, 5 of which were not submitted at that time. 
B. One each, carrying case. To complete requirements for  PHASE 
14 had previously been submitted. 2 for  15 cases. 
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TECHNICAL REPORTS AND DATA 
A. PROGRESS REPORTS 
In accordance with 5.1 . 1 , four informal progress reports were 
submitted to NASA as follows: 
REPORT # REPORT PERIOD DATE SUBMITTED 
1 June 12, 1968 - Sept. 12, 1968 Jan. 21, 1969 
2 Sept. 13, 1968 - Dec. 12, 1968 Mar. 20, 1969 
3 Dec. 13,  1968 - Mar. 12, 1969 Mar. 20, 1969 
4 Mar 13,  1969 - Apr i l  25, 1969 Apr i l  25, 1969 
B. FINAL TECHNICAL REPORT (5.1.2) 
Preliminary Draft Submitted - June 16, 1969 
C. DRAWINGS AND SPECIFICATIONS (5.2) 
The following drawings, detailing structure and specification for 
final PHASE I11 Spectacle Design were prepared, and submitted For 
approval on June 16 , 1969. 
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